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June 1- 9, 2006 marks the ﬁfth cruise of the Windy Islands 
Soliton Experiment / Variability Around the Northern South 
China Sea (WISE/VANS) program, a joint research project 
sponsored by the U.S. Ofﬁce of Naval Research and the Na-
tional Science Council of Taiwan. The goal of the experi-
ment is to study the mesoscale currents, tides, and internal 
waves in the northeastern corner of the South China Sea, 
and the impact of this environmental variability on acoustic 
propagation. The program contains many principal investi-
gators in addition to those from NPS (Table 1) and depends 
on very close cooperation between the U.S., Taiwan, and the 
Philippines. Many oceanographic tools have been brought to 
bear on the subject, including shipboard observations, sur-
face drifters, neutrally buoyant ﬂoats, microstructure proﬁl-
ers, and moored current, temperature, and conductivity sen-
sors. 
The NPS contribution, spearheaded by Professors Steve 
Ramp, Ching-Sang Chiu, and Ben Reeder has been to deploy 
and maintain six current meter and environmental acoustics 
moorings from the Luzon Strait to the Chinese continental 
shelf near Pratis Reef (Figure 1). All aspects of the work 
have been shared by Professors David Tang (National Tai-
wan University), Y. J. Yang (Chinese Naval Academy, Tai-
wan) and a large cadre of their always-enthusiastic graduate 
students.  Since very high sampling rates are demanded to 
observe the internal waves of interest, the instruments typi-
cally ﬁll up their memory and run down their batteries in 
about three months time, necessitating four deployments to 
obtain a complete one-year time series of the ocean vari-
ability. All the cruises have been carried out from the Tai-
wanese research vessel OCEAN RESEARCHER 1 (OR1, 
Figure 2), operated by National Taiwan University (NTU) 
and home-ported in Kaohsiung, Taiwan. The equipment for 
all ﬁve cruises has been staged locally out of the National 
Sun Yat-sen University (NSYSU), also located in Kaohsiung 
just blocks from the waterfront. 
Solitons are very large amplitude, non-linear internal waves 
which have achieved a balance between nonlinearity and dis-
persion that allows them to travel great distances through the 
ocean with little change in form. They typically form one-
sided deformations of the main thermocline, usually down-
wards in the open sea where the lower layer is thicker than 
the upper layer. These waves are termed “depression” waves 
since they force the thermal structure down, as opposed 
to “elevation” waves that lift the thermal structure up. El-
evations waves are sometimes found on continental shelves 
with water less than 100 m deep where the surface mixed 
layer can be deeper than the lower layer. There is a large 
theoretical body of work on the subject, most of which cen-
ters around solutions to the second-order Korteweg deVries 
equation to study the form of weakly non-linear waves. This 
results in a well-known squared-hyperbolic-secant proﬁle 
which has been ﬁt with some success to observational data 
sets. Numerical solutions for strongly non-linear waves are 
still being developed, with much of the work taking place 
under ONR funding. 
In the WISE/VANS case, the waves stem from the region 
around a small group of islands in the Luzon Strait known as 
the Batanes Province, or “Home of the Winds,” from which 
the experiment takes its name. The tidal currents, which 
exceed four knots around the islands, generate a strong in-
ternal tidal bore which forms on the Paciﬁc side during the 
ebb tide and is released into the South China Sea on the fol-
Fig. 1. Mooring locations during the Windy Islands 
Soliton Experiment.  All moorings support current 
velocity, temperature, and salinity observations.  Moor-
ings B1 and B2 additionally support acoustic sources 
and receivers.  
2lowing ﬂood. The strength of the tidal bore depends on the 
strength of the generating tide, which dis-
plays strong fortnightly (spring/neap) and 
semidiurnal variability. The strongest tides 
occur every-other-beat (diurnally) dur-
ing the spring (highest) tide. Just exactly 
where and how the tidal bore becomes a 
packet of highly-nonlinear internal waves 
remains a point of strong research interest. 
Based on observations so far, it seems that 
on the strongest tides, the ﬂow across the 
sill is hydraulically supercritical, and high-
frequency waves form immediately. Most 
of the time, the wave packets evolve on the 
leading edge of the tidal bore as it propa-
gates WNW across the sea. These waves, 
also called “solibores” travel at the same 
speed as the internal tide and arrive on the 
continental shelf with astounding regular-
ity each day. 
As the waves shoal on the continental slope 
between moorings B1 and S7 (Figure 1) a 
variety of interesting wave transformations 
takes place. Solitons form from the weaker 
semidiurnal beat, where no waves existed 
before, and the large single (or solitary) 
waves which have been traveling across 
the sea split up into wave packets which 
are rank-ordered in space and time. Hun-
dreds of such waves have now been ob-
served, and an example from July 5, 2005 
has been chosen for display (Figure 3). 
The temperature plot shows warm (28 °C) 
surface water being forced down to 100 
m depth by the wave. The maximum tem-
perature change at a constant depth was about 9 °C near 
120 m depth.  Since the solitons propagate in the same 
direction as the upper layer velocity, the currents associ-
ated with this wave moved WNW at >120 cm/s (2.5 knots) 
in the upper layer and the opposite way at >60 cm/s in the 
thicker lower layer. The zero-velocity (nodal) point was 
at about 140 m depth for this mode-1 wave. Most of the 
waves observed during the WISE/VANS experiment have 
been mode-1 waves, although mode-2 waves with a mid-
depth maximum and two zero crossings have occasionally 
been observed. 
So who cares? The waves have many implications both 
civilian and military. The strong currents associated with 
the waves are sufﬁcient to damage the many offshore oil 
platforms moored in the South China Sea. These difﬁcul-
ties were in fact what motivated the earliest study of the 
phenomenon in the early 1990s. The waves actively re-
suspend sediment and organic matter on the upper con-
Fig. 3. The temperature (top) and east-west (u-component) velocity at mooring 
S7 on the 350 m isobath (see also Figure 1 for location) in the South China Sea.  
The high-frequency internal wave packet described in the text appears as the 
sharp depressions in the thermal structure beginning on 0700 hours.  Positive 
velocity is east, negative west.  The thin blue lines are the westward velocity 
due to the passing wave.  
Fig. 2. The Taiwanese research vessel OCEAN RESEARCHER 1 at 
the pier in Kaohsiung, Taiwan.  The Grand Hi Lai Hotel, our home 
away from home in Kaohsiung, looms above the bow.  
3tinental slope as the shoaling waves scour the bottom, 
and redistribute bioluminescent material from the main 
thermocline to both higher and lower levels in the wa-
ter column. In an earlier publication, Prof. Chiu demon-
strated that the waves have a huge impact on acoustic 
propagation, and thus sonar performance from both sur-
face and subsurface sources. The waves cause extremely 
large buoyancy ﬂuctuations in a matter of minutes, mak-
ing subsurface water space management difﬁcult. The 
marine navigator, if he has the choice, would prefer not 
to have to deal with these things! 
This leads immediately to the question, “Are the waves 
predictable?” It all starts with the tides, and the tides are 
predictable, so observationalists and theoreticians 
alike hold some hope that forecasts of the wave ar-
rivals on the Chinese continental slope and shelf are 
possible. Seasonal changes in the ocean stratiﬁcation 
and the position of the Kuroshio Current cause some 
variations of the basic tidal pattern, and indeed if the 
waves even form at all. A curious feature of the waves 
is that strong surface currents, caused by orbital mo-
tions in a wave in the interior of the ocean far below, 
can create regions of convergent and divergent ﬂow 
on the surface, which in turn create alternating bands 
of rough and smooth water. These features can some-
times be quite spectacular for large solitons, leading 
to bands of breaking waves on the surface of an oth-
erwise calm, windless sea (Figure 4). These bands 
of rough and smooth water have sufﬁcient horizontal 
scale that they are easily observable by space-borne 
sensors such as the Synthetic Aperture Radar (SAR), 
which allows remote tracking of these features as 
they propagate the entire distance across the north-
ern SCS from the Luzon Strait to the continental shelf and 
beyond. Mooring L1 in the Luzon Strait has shown that the 
ﬂood tide and high tide are in phase there, making it pos-
sible track the release of the waves via a new tide gauge 
located at the municipality of Basco, Batanes Province, Phil-
ippines. Assimilation of the SAR data into next-generation 
non-hydrostatic numerical models forced by better input at 
the straits should provide improved forecasting capability in 
the not-too-distant future. 
The importance of our international collaborators from Tai-
wan and the Philippines simply cannot be overstated. They 
have been outstanding colleagues in every way, making sig-
niﬁcant ﬁnancial as well as scientiﬁc contributions. After 
four trips to sea together, some under very rough conditions, 
there are now many we call our friends. A few of the dedi-
cated people making it all happen posed for a group photo on 
the fantail of the OR1 during the April 2005 cruise (Figure 
5). We look forward to continuing our collaborations under 
another ONR follow-on program, the Nonlinear Internal 
Waves Initiative (NLIWI) planned for 2007-2008. During 
this program, an even larger team of investigators will con-






Fig. 4. Professor Y. J. Yang (Chinese Naval Academy), Prof. Steve 
Ramp (NPS), and Keith Wyckoff (NPS) on the bridge of the OR1 
in the South China Sea.  The band of breaking waves behind them 
is due to an internal soliton about to pass under the ship.  
Fig. 5. Group photo from the April cruise, taken on the fantail of the OR1 
while underway in the South China Sea.  From left to right, Mr. Tyh Shyue 
Dai, OR1; Mr. Wen-Hwa Her, National Taiwan University (NTU); Ms. 
Marla Stone (NPS); Mr. Keith Wyckoff (NPS); and three graduate students 
from NTU and the National Sun Yat-sen University.  
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